We have compared the haemodynamic effects of a sedative dose of propofol with placebo (vehicle of propofol) in a randomized, double-blind study in 20 patients immediately after coronary artery bypass grafting (CABG). During a continuous infusion of a mixture of fentanyl and pancuronium, each patient was given in a crossover design, a loading dose of propofol 0.5 mg kg 0.001), mean pulmonary artery pressure (96.5 % vs ;5.8 %; P : 0.001), systemic vascular resistance (913.8 % vs 90.6 %; P : 0.05), pulmonary vascular resistance (92.0% vs ;9.0 %; P : 0.05), cardiac output (92.4% vs ;2.6 %; P : 0.05) and pulmonary artery occlusion pressure (98.0 % vs ;1.4 %; P : 0.05). Propofol did not affect heart rate, but it tended to decrease stroke volume (P : 0.102). These data suggest that, during the recovery phase from CABG surgery, a short-term infusion of a sedative dose of propofol decreases systemic and pulmonary arterial pressure by decreasing systemic and pulmonary vascular resistance, respectively, and cardiac output. The decrease in cardiac output appeared to be caused mainly by a decrease in stroke volume. (Br.
Propofol is used widely for sedation after cardiac surgery [1] [2] [3] [4] [5] . It is thought to have several advantages over drugs previously used routinely [6] . Propofol has a rapid onset of action, provides good control of the level of sedation, lacks cumulative effects, and allows rapid recovery from sedation and weaning from artificial ventilation after discontinuation of administration [6] . Good haemodynamic stability has been reported after cardiac surgery with propofol in sedative doses [2] [3] [4] [5] . In previous studies [2] [3] [4] [5] , the haemodynamic effects of propofol have been compared with those of midazolam only, and no placebo-controlled evaluation has been reported. The present study is a randomized, double-blind, crossover comparison of propofol with placebo (the vehicle of propofol) with respect to haemodynamic effects during the immediate recovery phase after coronary artery bypass grafting (CABG) surgery. In addition to conventional systemic haemodynamic data, we have also evaluated right ventricular and pulmonary arterial effects of propofol.
Patients and methods
The study was approved by the local Ethics Committee and informed consent was obtained from each patient. We studied 30 patients in the postanaesthesia recovery unit after elective and uncomplicated CABG surgery. All patients had a preoperative left ventricular ejection fraction 9 0.35. After initial inclusion, 10 patients were excluded before infusion: six patients needed external electrical pacing, one required nitrates, one had excessive postoperative bleeding, one needed additional doses of sedatives and one was excluded because of an unexpected shortage of nursing staff to supervise the patient in the recovery room. Thus 20 patients completed the study. They were allocated randomly to receive either propofol or placebo (the vehicle of propofol) in a crossover, double-blind design: 10 patients received propofol as the first drug, while 10 patients were given placebo first (table 1) .
On the morning of surgery, patients received their regular doses of ␤ adrenergic blockers, calcium channel blockers and long-acting nitrates. Patients were premedicated with hyoscine 6 g kg 91 and morphine 200 g kg 91 i.m. 1 h before arrival in the operating theatre. Before induction of anaesthesia, a peripheral venous cannula and a radial arterial cannula were inserted under local anaesthesia. A flow-directed pulmonary artery catheter was introduced after induction of anaesthesia.
Anaesthesia . After CPB, systemic anticoagulation was reversed with protamine sulphate according to the ACT value.
The study was conducted in the post-anaesthesia recovery unit. Continuous infusions of fentanyl 0.1 g kg 91 min 91 and pancuronium 0.5 g kg 
Administration of the test drug was started when the patient was haemodynamically stable and after baseline measurements. Patients received propofol (Diprivan 10 mg ml 91 ; Zeneca Pharmaceuticals, Cheshire, England) and placebo (Intralipid: 10 % soy bean oil, 1.2 % egg phospholipids and 2.25 % glycerol; Kabi Pharmacia, Sweden) in random order with a washout period of 30-50 min between drug infusions. After discontinuation of the infusion of the first drug, we ensured that the haemodynamic state had been stable for at least 10 min before administration of the second drug. Patients were given a loading dose of 0.05 ml kg 91 of the test drug over 5 min followed by a 55-min continuous infusion of 0.12 ml kg 91 h
91
. Thus the loading dose of propofol was 0.5 mg kg 91 and the infusion was 20 g kg 91 min
. The dose of propofol was chosen according to previous studies in patients receiving sedation with propofol after cardiac surgery [2, 4, 5] . Measurements were obtained before, and at 10, 30 and 60 min after starting administration of the drug.
STATISTICAL ANALYSIS
The differences between measurements at baseline and at various times during the infusions were calculated. The contributions of treatment, treatment sequence and time to overall variances were analysed at each testing time by repeated measures two-way (treatment-sequence-time) analysis of variance. The t test for paired data wag used to detect significant differences between treatments before administration of propofol and placebo, that is baseline values. Differences were considered statistically significant when P : 0.05. Results are expressed as mean (95 % confidence intervals or range).
Results
There were no significant differences between the groups in baseline values (table 2). After arrival in the post-anaesthesia recovery unit, there were no differences in baseline values between patients receiving propofol as their first drug and those receiving vehicle first (data not shown). The washout period between drug administrations was 40 (range 30-50) min. Haemodynamic data during both drug administrations are shown in table 2. Effects of drug infusion (treatment), infusion sequence and time, on With propofol, MPAP and MAP decreased by 6.5 (1.0-8.6) % and 15.4 (13.0-17.9) %, respectively, while PVR and SVR decreased by 2.0 (91.6 to ;5.6) % and 13.8 (10.5-17.2) %, respectively. Thus propofol had a relatively greater effect on systemic than on pulmonary vasculature.
Discussion
In the present vehicle-controlled study, we have confirmed that, during the immediate postoperative phase after elective CABG surgery, a sedative dose of propofol decreased systemic arterial pressure. This decrease in arterial pressure seemed to be caused mainly by a decrease in systemic vascular resistance but, to a minor degree, also by a decrease in cardiac output. Our results suggest that the decrease in cardiac output was, at least in part, caused by a decrease in stroke volume. The effect of propofol on the pulmonary vasculature was relatively smaller than that on the systemic vasculature.
Several studies have been performed to evaluate the haemodynamic effects of short-term propofol sedation after cardiac surgery [2] [3] [4] [5] . In all of these studies, the effects of propofol have been compared with midazolam in a non-blinded design and no other control groups have been used. In withingroups analyses, a decrease in systemic arterial pressure has been observed consistently with propofol [3] [4] [5] . With the decrease in arterial pressure, a significant [4] or non-significant [3] decrease in systemic vascular resistance has been observed. The decrease in cardiac index was not found to be significant [3, 4] . Using a vehicle-control group, we have been able to take into account possible changes occurring with time in the various variables. For example, the small changes observed in systemic vascular resistance and cardiac output with propofol and vehicle were significantly different. Thus we may conclude that the decrease observed in systemic arterial pressure with propofol was caused not only by systemic vasodilatation but also by a small decrease in cardiac output. The haemodynamic effects of propofol have been studied extensively. Several studies have demonstrated that anaesthetic doses of propofol decrease systemic arterial pressure mainly by decreasing systemic vascular resistance [8] [9] [10] [11] . However, propofol may also have a direct cardiac depressant effect [12] [13] [14] , although this issue is controversial [15] . In our patients stroke volume tended to decrease with propofol. Although the decrease in preload of the left ventricle, as indicated indirectly by the decrease in pulmonary artery occlusion pressure, may explain the decrease in stroke volume, we cannot exclude a direct depressant effect of propofol on the myocardium.
In the present study we also evaluated the pulmonary vascular and right ventricular effects of propofol with a rapid-response thermodilution pulmonary artery catheter. We observed a decrease in afterload of the right ventricle (pulmonary vascular resistance) without change in the preload of the right ventricle (right ventricular end-diastolic volume and pressure, and central venous pressure) with propofol; right ventricular performance (right ventricular ejection fraction) was not improved. This may reflect a direct cardiac depressant effect of propofol. Our observations are similar to those of Martin and colleagues [16] who noticed a decrease in right ventricular ejection fraction without changes in right ventricular end-diastolic volume in an uncontrolled study in intensive care unit patients receiving prolonged sedation with propofol.
It is possible that some of our findings were caused by indirect effects, for example a deeper level of sedation during propofol infusion than during vehicle infusion. Propofol sedation may have suppressed the catecholamine response to recovery from operation.
Several i.v. vasodilators may increase intrapulmonary shunt [17] [18] [19] . Although the present study suggests that propofol may have minor pulmonary vasodilator properties, there was no increase in intrapulmonary shunt with propofol. Therefore, propofol cannot be expected to decrease arterial oxygen tension in patients who receive propofol for sedation after cardiac surgery and we did not observe any change.
